Rccendy a new cavitation model has hecn proposed in which bubble formation in aqueous media is initiated by spherical gas nuclei stabilized by surface-active membranes of varying gas permeability. By tracking the changes in nuclear radius that are caused by increases or dccre•-s in ambient pressure, the vaxyingpermeability model has provided precise quantitative descriptions of seve•d bubble counting experiments carried out with supersaturated •elatin. The model has also been esot to c•!culate diving •ables and to predict levels of incidence for decompression sickness in a variety of animul species, including salmon, rats, and humans. AJthough the phenomena involved are in some sense dynetalc, the model equations, in their present form, are essentially static and can be derived by requiring methanford or chemical equilibrium at each setting in a rudimentary pressure schedule. In this paper, we examine the time dependence of the evolution of an individual nucleus from one equilibrium state to another, and we then investigate a statistical process by which the equilibrium size distribution of an entire population of nuclei may be generated or regenerated.
INTRODUCTION
Ordinary samples of sea water, tap water, or even distilled water form visible bubbles when subjected to tensile, ultrasonic, or supersaturation pressures as small as I arm. This is several orders of magnitude below the theoretical tensile strength of pure water, and it implies that cavitalion must be initiated by processes other than modest changes in pressure and the random motion of water and gas molecules.
Numerous experiments have demonstrated that cavitation thresholds can be significantly raised by degassing or by a preliminary application of static pressure. i'2 These are specific tests for stable gas nuclei. Furthermore, solid particles or container walls with smooth surfaces 3 are not expected to be effective in initiating bubble formation at tensile, ultrasonic, or supersaturation pressures less than about 1000 atto. i's
The existence of stable gas nuclei is at first rather surprising. Gas phases larger than I txm in radius should float to the surface of a standing liquid, whereas smaller ones should dissolve rapidly due to the surface tension. In Refs. 6 and 7, the earlier proposals for coping with this dilemma are critically reviewed, and a new model, called the varying-permeability or VP model is introduced. The essence of the new model is that cavitation nuclei consist of spherical gas phases small enough to remain in solution and strong enough to resist collapse, the mechanical compression strength being provided by an elastic skin or membrane composed of surface-active molecules. VP skins are ordinarily gas permeable, but they can become impermeable if the ambient pressure is increased rapidly by a sufficiently large amount, typically exceeding 8 arm.
Section I is an outline of the varying-permeability model which serves as the starting point for the theoretical developments which follow. In Sec. H, we introduce accretion and deletion functions to describe the transport of surfactant molecules to and from the skin, and we then use these functions to investigate the time dependence of the changes in the radius of an individual nucleus that occur as a result of increases or decreases in ambient pressure. The same accretion and deletion functions are used again in Sec. III to explore a stochastic mechanism by which a population with an arbitrary initial size distribution might eventually achieve equilibrium at a constant external pressure. As discussed in Sec. IV, the equilibrium size distribution obtained from this analysis is of the same form as the primordial distributions extracted from bubble counting experiments in supersaturated gelatin.
I. THE VARYING-PERMEABILITY MODEL
Because of the surface tension ¾, mechanical eq'uitibrium of a spherical gas bubble of radius r can be achieved only when the internal pressure p •n is higher than the ambient hydrostatic pressure p,•,. This situation is described by the Laplace equation,
Pia----Pamb + 2y/r (ga• bubbles). (1)
If the liquid surrounding the cavity is in diffusion equilibrium with an external gas mixture at P,mu, a pressure increment of Pt,-Palau = 27/r will exist across the boundary of the cavity, and gas will tend to flow outward until the radius diminishes to zero.
In the varying-permeability model, 6'? collapse of a spherical gas nucleus is prevented by the compression strength of an elastic skin or membrane composed of surface-active molecules. The skin pressure 2Fir can be added to the left-hand side of Eq. (1) to yield a new expression for mechanical equilibrium, Pin -{-2I'/r =Pa.U + •r/r (gas nuclei).
Alternatively, one can think of the skin compression F as the amount by which the surface tension is reduced by the surfactant molecules. The new surface tension, ¾' =¾ -F, can be substituted for ¾ in Eq. (1).
The skin compression F is analogous to the "surface pressure" II that is measured when an "insoluble monolayer" of surface-active molecules is spread across '.he liquid-gas interface in a Langmuir trough? In a typical I1-A (surface pressure versus surface area) curve, the magnitude of II increases as the monolayer area and hence the spacing between surfactant molecules are reduced. Eventually II reaches a limiting value, and further reductions in surface area can be accommodated only by expelling surfactant molecules from the interface.
The I1-A curve assumed for I' in the varying-permeability model is essentially a step function. "Smallscale r' changes in nuclear radius--those associated with variations in the spacing of a fixed number of skin molecules--are neglected, and only "large-scale" changes--those associated with the accretion or deletion of skin molecules--are actually calculated. The small-scale changes are important conceptually because they permit a stable mechanical equilibrium near the calculated large-scale radius with the fixed number of skin molecules appropriate to that radius. ^ll large-scale processes take place at the maximum skin compression ¾c, which is referred to as the" crumb- 
The condition for small-scale mechanical equilibrium, PR =Ps, is illustrated in Fig. l(a) . This condition could be satisfied by any reservoir which transmits the pressure pR =P•t to the skin-reservoir interface. 
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II. EVOLUTION OF NUCLEAR RADII IN THE VP REGIME
The main task of the varying-permeability model has been to describe the changes in nuclear radius that occur with increases or decreases in ambient pressure. In this section, we go one step beyond the original equilibrium formulation 7 and attempt to extract the time dependence of the nuclear radius as it progresses from one stationary value to another. As usual in the VP regime, we track a single critical nucleus characterized by an initial radius r• TM, a constant crumbling compression 7c, and a fixed irapermeability threshold p*. We also focus our attention on the accretion and deletion of surfactant molecules by the skin--those processes which produce large-scale changes in radius, and we simplify the concomitant problem of the d/ffusing gas by assuming that the skin at any given moment is either completely permeable or impermeable.
The rates or probabilities per unit time for a nucleus of radius r to add or slouch off skin molecules are given by the accretion and deletion functions X and 
. '" -r• 'l") exp (-t /o •) , (41a) oi = 2k Trtt"/ [A ' v2(• c -v ) ] , (4lb) = (2kT/A'v)(1/l•o)(r•'t'/r•"'). (tic)
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Ill. STOCHASTIC GENERATION AND REGENERATION OF THE PRIMORDIAL SIZE
DISTRIBUTION
In the previous section, we investigated the time dependence of the radius of an individual nucleus subjected to an increase or a decrease in ambient pressure. We now consider, at constant ambient pressure, a statistical process by which the equilibrium size distribution of an entire population of nuclei may be generated or regenerated.
To be definite, we assume that Pamb is equal to P0-(The final results are independent of this choice.) We further assume that each nucleus and its surrounding medium are in diffusion equilibrium.
It follows that
Pin is equal to the dissolved gas tension ?, which is equal to P0-Mechanical equilibrium of a nucleus of radius r is then expressed by the relations
Po + 2r/r =P0 + 2),/r ,
where the skin compression F has a small-scale value of 7 and is thus independent of the radius r. 
we obtain 'ø 
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